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Abstract 



PURPOSE:To perform vacuum evacuation at a high speed while preventing the whirling-up of particles. 
CONSTITUTION:When a vacuum container 16 is evacuated by a vacuum pump 30 to discharge the gas 
in the container 16, at the beginning of evacuation, the vacuum pump 30 begins to rotate at a low speed 
and gradually increases in its number of rotations to perform evacuation at a low speed. Thereafter, the 
vacuum pump 30 is rotated at a high speed to perform evacuation at a high speed. 
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Abstract IX 

Purpose: To provide an exhaust method that enables a high- 
speed vacuum exhaust while suppressing winding-up of particles. 

Constitution: In vacuuming a gas in a vacuum vessel 16 by a 
vacuum pump 30, the above-mentioned vacuum pump 30 starts to be 
rotated at low speed at the initial stage of the vacuuming, and 
its number of rotation is gradually increased, so that the 
vacuuming is carried out at low speed. Then, the vacuuming is 
carried out at high speed by rotating the vacuum pump 30 at high 
speed. 



'Numbers in the margin indicate pagination in the foreign 

text . 
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Specification /2 
1. Title of the Invention : METHOD FOR EXHAUSTING VACUUM VESSEL 



2 . Claims 

1. A method for exhausting a vacuum vessel, characterized 
by the fact that in a method for exhausting a vacuum vessel that 
vacuum-exhausts a gas in a vacuum vessel by a vacuum pump, the 
above-mentioned vacuum pump starts to be rotated at low speed at 
the initial stage of the vacuum exhaust; its number of rotation 
is gradually increased, so that the vacuuming is carried out at 
low speed; and the vacuuming is then carried out at high speed by 
rotating the above-mentioned vacuum pump at high speed. 

2. The method for exhausting a vacuum vessel of Claim 1, 
characterized by the fact that the vacuuming period at low speed 
through the rotation of the above-mentioned vacuum pump at low 
speed is in a range of 1-60 sec from the vacuuming start. 

3 . Detailed explanation of the invention 
[0001] 

(Industrial application field) 

The present invention pertains to an exhaust port structure 
of a vacuum vessel. 
[0002] 
(Prior art) 

In general, for example, in case a semiconductor product is 
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manufactured, there are various kinds of vacuum vessels such as 
treatment vessel for film formation treatment, etc., or load lock 
chamber, etc., being arranged at the front stage of these 
treatment vessels in each treatment process in the manufacturing 
processes. On the other hand, in the semiconductor manufacture, 
the improvement of the yield is a big issue, and as one of its 
measures, particles resulting in the generation of an inferior 
product are extremely avoided from being interposed in various 
kinds of treatment processes. For example, in the above- 
mentioned load lock chamber, as a conventional exhaust port 
structure of the vacuum vessel, as shown in Figure 2, a main 
exhaust pipe 6 with a relatively large pipe diameter has been 
directly installed at an opening part with a rectangular 
parallelepiped shape by flange 8, etc. Then, a bypass exhaust 
pipe 10, which has a pipe diameter smaller than that and has a 
throttled effective sectional area, is installed in parallel in 
the main exhaust pipe 6, and the inside of the vacuum vessel 2 is 
vacuumed by a vacuum pump 12. Also, a semiconductor wafer 14 can 
be supported by arms, which are not shown in the figure, and 
housed in the vacuum vessel 2. 
[0003] 

(Problems to be solved by the invention) 

On the other hand, in case the vacuum vessel is vacuumed, if 
the flow velocity of a gas is excessively high, particles in the 
vessel are wound up, so that they are attached to the 
semiconductor wafer surface, resulting in an inferiority. Thus, 
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when the inside of the vessel 2 is roughly vacuumed from an 
atmospheric pressure, the vacuuming is carried out while dropping 
the vacuum speed by using by the bypass exhaust pipe 10 with a 
throttled effective sectional area. Thus, the flow velocity of 
the gas has been dropped. Then, if the pressure in the vessel 2 
is lowered to a certain degree, the above-mentioned bypass 
exhaust pipe 8 is switched to the main exhaust pipe 6 with a 
large effective sectional area, and the vacuuming is carried out. 
However, in the above-mentioned slow vacuuming, a relatively long 
time is required until reaching a prescribed degree of vacuum, 
and the throughput of the semiconductor manufacture is lowered. 

[0004] Also, although the above-mentioned bypass exhaust pipe 6 
is throttled, there is still a pressure difference between the 
vacuum vessel 2 and the vacuum exhaust system. Therefore, when 
the valve of the bypass exhaust pipe 6 is opened, a kinetic 
energy is given to the particles in the vessel, so that they are 
wound up and are floated in the vessel without being discharged 
for a long time. Thereby, the particles are attached to the 
surface of the semiconductor wafer. Considering the above- 
mentioned problems, the present invention has been created to 
solve them. The purpose of the present invention is to provide a 
method for exhausting a vacuum vessel that enables a high-speed 
vacuum exhaust while suppressing winding-up of particles. 

[0005] 

(Means to solve the problems) 

In order to achieve the above-mentioned purpose, according 
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to the constitution of the present invention, in a method for 
exhausting a vacuum vessel that vacuum-exhausts a gas in a vacuum 
vessel by a vacuum pump, the above-mentioned vacuum pump starts 
to be rotated at low speed at the initial stage of the vacuum 
exhaust, and its number of rotation is gradually increased, so 
that the vacuuming is carried out at low speed. Then, the 
vacuuming is carried out at high speed by rotating the above- 
mentioned vacuum pump at high speed. 
[0006] 
(Operation) 

According to the present invention with the above-mentioned 
constitution, at the initial rough vacuuming of an vacuum 
exhaust, since a gas in the vacuum vessel is slowly exhausted at 
low speed from the atmospheric pressure, a turbulent flow of the 
gas being a cause for winding-up of particles is not generated. 
Also, when the vacuuming is started, since no pressure difference 
is generated between the vacuum inside and the vacuum exhaust 
system, no kinetic energy is given to the particles in the 
vessel . 
[0007] 

(Application example) 

Next, an application example of the method for exhausting a 
vacuum vessel of the present invention is mentioned in detail 
based on the attached figures. First, based on Figure 1, an 
apparatus for applying the method of the present invention is 
explained. In Figure 1, a load lock chamber 16 is formed in a 
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nearly rectangular parallelepiped shape of stainless steel, etc., 
and a gate valve 18 being connected to the atmosphere side is 
installed at one side of the load lock chamber 16, and a vacuum 
treatment vessel 20 for treating semiconductor wafers is 
connected via a gate valve 22 to the other side. Then, in the 
load lock chamber 16, robot arms, which are not shown in the 
figure, for carrying the above-mentioned semiconductor wafers are 
housed, and with the bending and extension of the robot arms, the 
semiconductor wafers can be introduced and drawn out without 
opening the inside of the above-mentioned vacuum treatment vessel 
20 to the air. 

[0008] Then, an exhaust port 24 is opened at the bottom of the 
above-mentioned load lock chamber 16, and an exhaust pipe 26 is 
connected to the exhaust port 24. Then, an opening and closing 
valve 28 is interposed in the middle of the exhaust pipe 26, and 
at the downstream of the opening and closing valve 28, for 
example, a vacuum pump 30 consisting of a rotary pump or dry pump 

Z3 

is interposed. In this way, a vacuum exhaust system 32 as a 
whole is constituted. Then, the above-mentioned vacuum pump 30 
is electrically connected to a speed control means 34 in which 
inverter, etc., are housed to control the rotational speed, and 
the control means 34 has a ROM in which programs for controlling 
the rotation of the above-mentioned vacuum pump 30 are stored in 
advance to apply the method of the present invention. 
[0009] Next, an application example of the method of the present 
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invention is explained using the apparatus with the above 
constitution. First, in case a semiconductor wafer (not shown in 
the figure) is housed in the load lock chamber 16, the gate valve 
18 installed at its side is opened, and using the robot arms 
which are not shown in the figure, the semiconductor wafer is 
introduced into it from a clean room side at an atmospheric 
pressure. Then, the gate valve 18 is closed, and the chamber 
inside is set to a sealed state. Also, in the meantime, the 
vacuum pump 30 installed in the vacuum exhaust system 32 is 
stopped. Thus, if the reception of the semiconductor wafer is 
completed, a vacuum exhaust operation is carried out. First, as 
mentioned above, in a state in which the vacuum pump 30 of the 
vacuum exhaust system 32 is stopped, the opening and closing 
valve 28 of the exhaust pipe 26 is set to an open state, and the 
vacuum pump 30 is rotated at low speed at the initial stage 
through an inverter control, for instance, by the speed control 
means 34. Then, the number of rotation of the pump 30 is 
increased. Thus, at the initial stage of the exhaust, that is, 
when the valve 28 is opened, since both the vacuum vessel inside 
and the exhaust system 32 are at an atmospheric pressure, there 
is no pressure difference between them. Therefore, since an 
unnecessary kinetic energy is not given to particles, their 
winding-up is not caused. 

[0010] Then, in a pressure range where the vacuum vessel inside 
is near the atmospheric pressure, since the exhaust speed is 
suppressed by the low-speed rotation of the pump 30, the Reynolds 
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number of the exhaust is small, and the gas is exhausted in a 
layer flow state instead of a turbulent flow, and the winding-up 
of the particles is not caused. Thus, the number of rotation of 
the vacuum pump 30 is gradually increased. After starting the 
operation of the pump 30, the number of rotation is set to a 
stationary high-speed rotational frequency, that is, a nearly 
full power, and the vacuuming is carried out at high speed. At 
that time, as the increase patterns of the number of rotation of 
the pump 30, as shown by a solid line of Figure 3, the number of 
rotation may be linearly increased for 10 sec, or as shown by an 
alternate long and short dash line, the number of rotation may 
also be increased like drawing S letter. Also, without being 
limited to these two kinds of patterns, for example, the number 
of rotation may also be increased stepwise. 

[0011] Also, in the above-mentioned application example, during 
the low-speed vacuuming period, that is, the period in which the 
number of rotation of the pump 30 is raised to a full power has 
been set to 10 sec, however without being limited to it, the 
range where winding-up of the particles is not caused and the 
vacuum exhaust time is not lengthened, for example, a range of 
preferably 1-60 sec is set. In general, the atmospheric pressure 
at which the particles having little kinetic energy are easily 
dropped by the gravity without being considerably influenced by a 
gas flow is almost 7.5 Torr or less, and the main point is how to 
rapidly vacuum the vessel inside without generating a turbulent 
flow up to this pressure from the atmospheric pressure. With the 



9 



setup of the low-speed vacuuming period in the above-mentioned 
range of 1-60 sec, a vacuum exhaust is possible while preventing 
winding-up of the particles up to the vessel inside pressure of 
near 7.5 Torr without lengthening the exhaust time. 
[0012] Thus, in the pressure range near the atmospheric pressure, 
the exhaust speed is suppressed, and the exhaust speed is 
gradually raised along with the drop of the pressure, so that a 
high-speed vacuum exhaust is possible while suppressing the 
generation of a turbulent flow. Thereby, the semiconductor wafer 
with little attached particles can be transferred to the vacuum 
treatment vessel 20. Also, in the above-mentioned application 
example, the case where the method of the present invention is 
applied to the load lock chamber has been explained, however 
without being limited to it, needless to say, the present 
invention can also be applied to other vacuum vessels, for 
example, a vacuum reactor itself. 

[0013] Next, the experimental results of the method of the 
present invention and the conventional exhaust method are 
explained based on Figures 4-8. The apparatus used in this 
experiment is shown in Figure 1, and the capacity of the vacuum 
vessel 16 is 50 1, the inner diameter of the exhaust pipe 26 is 
50 mm, and the distance between the vessel 16 and the vacuum pump 
30 is 2 m. The performance of the vacuum pump 30 is 80 m 3 /h. 
Figure 4 shows a rise pattern in the case where the number of 
rotation is linearly increased after starting the operation of 
the vacuum pump and a full power is attained in 10 sec, and 
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Figure 5 shows a rise pattern in the case where a full power is 
attained in 30 sec. Figure 6 shows a rise pattern in the case a 
full power is attained in 60 sec. Figure 7 shows a rise pattern 
in the case where a pressure difference is formed between the 
vessel and the system by closing the opening and closing valve 
when raising and rotating the vacuum pump at a full power and the 
opening and closing valve is opened in this state. Figure 8 
shows a rise pattern in the case where a slow vacuum exhaust is 
applied using an exhaust pipe with a diameter of 1/4 of the 
above-mentioned experimental example as an exhaust pipe. 
[0014] Also, the upper numerals on each plot indicate the number 
of particles in the vessel, and the lower numerals indicate the 
number of particles at the exhaust port. The number of particles 
was indirectly attained by measuring the irregular reflectance of 
a laser beam. As shown in the figure, according to Figures 4, 5, 
and 6 of the method of the present invention, in case the 
pressure difference is not set at the initial stage of the vacuum 
exhaust and the exhaust speed is relatively suppressed, the 
number of particles in the vessel is considerably small, and 
winding-up of the particles is suppressed, so that good results 
can be obtained. On the contrary, as shown in Figure 7, in case 
the pressure difference is set at the initial stage and the pump 
vacuuming is applied at a full power from the beginning, though 
the decrease of the pressure is fast, the number of particles in 
the vessel is 4 6, and compared with the previous example, 
winding-up of the particles is considerably increased, which is 
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not preferable. 

[0015] Also, as shown in Figure 8, in a slow exhaust case, the 
number of particles in the vessel is initially 41, which is a /4 
considerably large number, and winding-up of the particles is 
large. Furthermore, the exhaust time also requires a long time, 
which is not especially preferable. The reason for this is 
considered that even in a slow vacuum exhaust, since the flow 
velocity is considerably accelerated by reducing the pipe 
diameter of the exhaust pipe, the above-mentioned undesirable 
results are obtained. Also, Figure 9 is a plot showing the 
number of integration of the number of particles in the vessel at 
the initial stage of the vacuum exhaust of Figures 4-7. 
According to the plot, as mentioned above, it is understood that 
it is preferable to set the rise time (the time until the vacuum 
pump is at a full power) in a range of 1-60 sec after starting 
the vacuum pump. 
[0016] 

(Effects of the invention) 

As explained above, according to the present invention, the 
following excellent operation effects can be exerted. At the 
initial stage, no pressure difference is set, and in the pressure 
range near an atmospheric pressure, the exhaust speed is 
suppressed low. Along with the drop of the pressure, the exhaust 
speed is raised. Thus, while suppressing the generation of a 
turbulent flow, the vacuum exhaust is possible at high speed, so 
that the throughput can be improved. Also, since winding-up of 
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the particles can be suppressed, the yield can be improved. 

4 . Brief description of the figures 

Figure 1 is a constitutional diagram showing a vacuum vessel 
for applying the method for exhausting a vacuum vessel of the 
present invention . 

Figure 2 is an illustrative diagram for explaining a 
conventional method for exhausting a vacuum vessel. 

Figure 3 is a graph showing the output of a vacuum pump 
being controlled by the method of the present invention. 

Figure 4 is a graph showing a rise pattern in which the rise 
time is set to 10 sec in the method of the present invention. 

Figure 5 is a graph showing a rise pattern in which the rise 
time is set to 30 sec in the method of the present invention. 

Figure 6 is a graph showing a rise pattern in which the rise 
time is set to 60 sec in the method of the present invention. 

Figure 7 is a graph showing an example of a rise pattern of 
the conventional exhaust method. 

Figure 8 is a graph showing another example of a rise 
pattern of the conventional exhaust method. 

Figure 9 is a graph showing the number of particles in a 
vessel with respect to the difference of the rise time of the 
method of the present invention. 
Explanation of symbols: 

16 Load lock chamber (vacuum chamber) 
20 Vacuum treatment vessel 
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24 Exhaust port 

26 Exhaust pipe 

28 Opening and closing valve 

30 Vacuum pump 

32 Vacuum exhaust system 

34 Speed control means 
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Figure 1 : 

16 Load lock chamber (vacuum chamber) 

30 Vacuum pump 

32 Vacuum exhaust system 

34 Speed control means 

Figure 3: 
1. Output of a motor (%) 
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2. Low-speed vacuuming 

3. High-speed vacuuming 

4. Vacuum exhaust time (sec) 

Figure 4 : 

1. Number of particles in the vessel 

2. Number of particles at the exhaust port 

3. Exhaust speed 

4. Pressure 

5. Rise pattern with a rise time of 10 sec 

6. Exhaust speed 
Figure 5 : 

1. Number of particles in the vessel 

2. Number of particles at the exhaust port 

3. Exhaust speed 

4. Pressure 

5. Rise pattern with a rise time of 30 sec 

6. Exhaust speed 

Figure 6: 

1. Number of particles in the vessel 

2. Number of particles at the exhaust port 

3. Exhaust speed 

4. Pressure 

5. Rise pattern with a rise time of 60 sec 

6. Exhaust speed 
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Figure 7 : 

1. Number of particles in the vessel 

2. Number of particles at the exhaust port 

3. Exhaust speed 

4. Pressure 

5. Rise pattern with a rise time of [illegible] sec 

6. Exhaust speed 

Figure 8 : 

1. Number of particles in the vessel 

2. Number of particles at the exhaust port 

3. Exhaust speed 

4. Pressure 

5. Rise pattern of a slow vacuum exhaust with 1/4 pipe 

6. Exhaust speed 

Figure 9: 

1. Number of particles in the vessel 

2. Rise time 
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